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Abstract
The tachyon-free nonsupersymmetric string theories in ten dimensions have dilaton
tadpoles which forbid a Minkowski vacuum. We determine the maximally symmet-
ric backgrounds for the USp(32) Type I string and the SO(16) × SO(16) heterotic
string. The static solutions exhibit nine dimensional Poincare´ symmetry and have
finite 9D Planck and Yang-Mills constants. The low energy geometry is given by a
ten dimensional manifold with two boundaries separated by a finite distance which
suggests a spontaneous compactification of the ten dimensional string theory.
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1 Introduction
Nonsupersymmetric string models are generically plagued by divergences which raise the
question of their quantum consistency. In particular, ten dimensional nonsupersymmetric
models have all dilaton tadpoles and some of them have tachyons in the spectrum. It is
however believed that some tadpoles do not signal an internal inconsistency of the theory
but merely a bakground redefinition [1]. In particular, in orientifolds of Type II theories
there should be a difference between tadpoles of Ramond-Ramond (RR) closed fields and
tadpoles of Neveu-Schwarz Neveu-Schwarz (NS-NS) closed fields. While the first ones
cannot be cured by a background redefinition and signal an internal inconsistency of the
theory asking therefore always to be cancelled [2], the latter ones could in principle be
cured by a background redefinition. The NS-NS tadpoles remove flat directions, generate
potentials for the corresponding fields (for example dilaton in ten dimensions) and break
supersymmetry. The difference between RR and NS-NS tadpoles play an important role in
(some) orientifold models with broken supersymmetry recently constructed [3, 4, 5].
The purpose of this letter is to explicitly find the background of the nonsupersymmetric
tachyon-free strings in 10D: the type I model in ten dimensions [3], containing 32 D9¯
antibranes and 32 O9− planes, and the heterotic SO(16) × SO(16)[7, 8]. For the two
theories, there is no background with maximal SO(10) Lorentz symmetry, a result to
be expected by various considerations. We find explicitly the classical backgrounds with
a 9D Poincare´ symmetry. We find an unique solution for the Type I model and two
independent solutions for the heterotic one. A remarkable feature (in the Type I and
one of the two heterotic backgrounds) of the static solutions is that the tenth coordinate
is dynamically compactified in the classical background. Furthemore, the effective nine-
dimensional Planck and Yang-Mills constants are finite indicating that the low energy
physics is nine-dimensional. Another classical background with maximal symmetry is a
cosmological-type solution which we explicitly exihibit for the two theories. They both
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have big-bang type curvature singularities.
In section 2 we briefly review the construction of the type I USp(32) string. In section
3, we determine its classical background with maximal symmetry. In section 4, we consider
the SO(16)× SO(16) heterotic string and finally we end in section 5 with a discussion of
the solutions.
2 The Type I nonsupersymmetric USp(32) string
The unique supersymmetric Type I model in ten dimensions is based on the gauge group
SO(32) and contains, by using a modern language (see, for example, [9]) 32 D9 branes and
32 O9+ planes. There is however another, nonsupersymmetric tachyon-free model, with
the same closed string spectrum at tree-level, containing 32 D¯9 branes (i.e. branes of
positive tension and negative RR charge) and 32 O9− planes (i.e. nondynamical objects
with positive tension and positive RR charge).
The open string partition functions are [3]
K = 1
2(4π2α′)5
∫ ∞
0
dτ2
τ 62
(V8 − S8) 1
η8
,
A = N
2
2
1
(8π2α′)5
∫ ∞
0
dt
t6
(V8 − S8) 1
η8
,
M = N
2
1
(8π2α′)5
∫ ∞
0
dt
t6
(V8 + S8)
1
η8
, (2.1)
where α′ ≡ M−2s is the string tension and
V8 =
θ43 − θ44
2η4
, S8 =
θ42 − θ41
2η4
, (2.2)
where θi are Jacobi functions and η the Dedekind function (see, for example, [9]). In (2.1)
the various modular functions are defined on the double covering torus of the corresponding
(Klein, annulus, Mo¨bius) surface of modular parameter
τ = 2iτ2 (Klein) , τ =
it
2
(annulus) , τ =
it
2
+
1
2
(Mobius), (2.3)
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where τ = τ1+ iτ2 is the modular parameter of the torus amplitude and t is the (one-loop)
open string modulus.
As usual, the annulus and Mo¨bius amplitudes have the dual interpretation of one-loop
open string amplitudes and tree-level closed string propagation with the modulus l, related
to the open string channel moduli by
K : l = 1
2τ2
, A : l = 2
t
, M : l = 1
2t
. (2.4)
¿From the closed string propagation viewpoint, V8 describe the NS-NS sector (more pre-
cisely, the dilaton) and S8 the RR sector, corresponding to an unphysical 10-form. The
tadpole conditions can be derived from the t → 0 (l → ∞) limit of the amplitudes above
and read
K +A+M = 1
2
1
(8π2α′)5
∫ ∞
0
dl {(N + 32)2 × 1− (N − 32)2 × 1}+ · · · . (2.5)
It is therefore clear that we can set to zero the RR tappole by choosing N = 32, but we are
forced to live with a dilaton tadpole. The resulting open spectrum is nonsupersymmetric
(the closed spectrum is supersymmetric and given by the Type I supergravity) and contains
the vectors of the gauge group USp(32) and a fermion in the antisymmetric (reducible)
representation. However, the spectrum is free of gauge and gravitational anomalies and
therefore the model should be consistent. It is easy to realize from (2.1) that the model
contains 32 D¯9 branes and 32 O9− planes , such that the total RR charge is zero but
NS-NS tadpoles are present, signaling breaking of supersymmetry in the open sector. The
effective action, identified by writing the amplitudes (2.1) in the tree-level closed channel,
contains here the bosonic terms
S =
M8s
2
∫
d10x
√−Ge−2Φ[R+4(∂Φ)2]−T9
∫
d10x[(N +32)
√−Ge−Φ− (N −32)A10]+ · · · ,
(2.6)
where T9 is the D9 brane tension and we set to zero the RR two-form and the gauge fields,
which will play no role in our paper. Notice in (2.6) the peculiar couplings of the dilaton
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and the 10-form to antibranes and O9− planes, in agreement with the general properties
displayed earlier. The RR tadpole N = 32 is found in (2.6) simply as the classical field
equation for the unphysical 10-form A10.
The difference between the supersymmetric SO(32) and nonsupersymmetric USp(32)
model described previously is in the Mo¨bius amplitude describing propagation between
(anti)branes and orientifold planes. Indeed, in the nonsupersymmetric case there is a sign
change in the vector (or NS-NS in the closed channel) character V8. Both supersymmetric
and nonsupersymmetric possibilites are however consistent with the particle interpretation
and factorization of the amplitudes.
As noticed before, the NS-NS tadpoles generate scalar potentials for the corresponding
(closed-string) fields, in our case the (10d) dilaton. The dilaton potential read
V ∼ (N + 32)e−Φ , (2.7)
and in the Einstein basis is proportional to (N + 32) exp(3Φ/2). It has therefore the
(usual) runaway behaviour towards zero string coupling, a feature which is of course true in
any perturbative construction. The dilaton tadpole means that the classical background,
around which we must consistently quantize the string, cannot be the ten dimensional
Minkowski vacuum and solutions with lower symmetry must be searched for. Once the
background is corectly identified, there is no NS-NS tadpole anymore, of course.
3 The classical background of the nonsupersymmetric USp(32)
Type I string
We are searching for classical solutions of the effective lagrangian (2.6) of the model
(2.1) in the Einstein frame, which reads
SE =
1
2k2
∫
d10x
√−G[R− 1
2
(∂Φ)2]− TE9
∫
d10x[(N + 32)
√−Ge 3Φ2 − (N − 32)A10] + · · · ,
(3.1)
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where TE9 indicate that the tension here is in the Einstein frame. The maximal possible
symmetry of the background of the model described in the previous paragraph has a nine
dimensional Poincare´ isometry and is of the following form
ds2 = e2A(y)ηµνdx
µdxν + e2B(y)dy2 , Φ = Φ(y) , (3.2)
where µ, ν = 0 · · · 8 and the antisymmetric tensor field from the RR sector, the gauge fields
and all fermion fields are set to zero. The Einstein and the dilaton field equations with this
ansatz are given by
36(A′)2 + 8A′′ − 8A′B′ + 1
4
(Φ′)2 = −αE e2B+3Φ/2 ,
36(A′)2 − 1
4
(Φ′)2 = −αE e2B+3Φ/2 ,
Φ′′ + (9A′ −B′)Φ′ = 3αE e2B+3Φ/2 , (3.3)
where we defined αE = (N + 32)k
2TE9 = 64k
2TE9 and A
′ ≡ dA/dy, etc. The function B
can be gauge-fixed by using the reparametrisation invariance of the above equations. It is
convenient to choose the coordinate y where B = −3Φ/4 so that the exponential factors
in the equations (3.3) disappear. In this coordinate system, the second equation in (3.3) is
solved in terms of one function1 f
A′ =
1
6
√
αE shf , Φ
′ = 2
√
αE chf . (3.4)
The two other field equations become then
4
3
√
αE f
′chf + αE e
2f = −αE ,
2
√
αE f
′shf +
3
2
αE e
2f =
3
2
αE , (3.5)
and the solution is then
e−f =
3
2
√
αE y + c , (3.6)
1It can be checked that the other possible sign choices in (3.4) lead to the same solution.
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where c is a constant. By a choice of the y origin and rescaling of the xµ coordinates, the
final solution in the Einstein frame reads
Φ =
3
4
αEy
2 +
2
3
ln |√αEy|+ Φ0 ,
ds2E = |
√
αEy|1/9e−αEy2/8ηµνdxµdxν + |√αEy|−1e−3Φ0/2e−9αEy2/8dy2 . (3.7)
For physical purposes it is also useful to display the solution in the string frame, related as
usual by a Weyl rescaling G→ eΦ2G to the Einstein frame
As = A+
1
4
Φ , Bs = B +
1
4
Φ . (3.8)
In the string frame the solution reads
gs ≡ eΦ = eΦ0 |
√
αy|2/3e3αy2/4 ,
ds2 = |√αy|4/9eΦ0/2eαy2/4ηµνdxµdxν + |
√
αy|−2/3e−Φ0e−3αy2/4dy2 , (3.9)
where α = 64M−8s T9. The solution (3.9) displays two timelike singularities, one at the origin
y = 0 and one at infinity y = +∞, so that the range of the y coordinate is 0 < y < +∞.
The dilaton, on the other hand, vanishes at y = 0 and diverges at y = +∞. The brane
solution found above (3.9) has a striking feature. Suppose the y coordinate is noncompact
0 < y < +∞. In curved space however, the real radius Rc is given by the integral
2πRc =
∫ ∞
0
dy eB = e−Φ0/2α−
1
2
∫ ∞
0
du
u1/3
e−3u
2/8 , (3.10)
where u =
√
αy. The result is finite, meaning that despite apparencies the tenth coordinate
is actually compact. The topology of the solution is thus a ten dimensional manifold with
two boundaries at y = 0 and y = +∞ that is R9 × S1/Z2. Moreover, it can be argued
that gravity and gauge fields of the D9¯ branes are confined to the nine-dimensional non-
compact subspace, by computing the nine-dimensional Planck mass and gauge couplings,
respectively
M7P = M
8
s
∫ ∞
0
dy e7As+Bs−2Φ = M8sα
− 1
2 e−3Φ0/4
∫ ∞
0
du
u1/9
e−3u
2/4,
1
g2YM
= M6s
∫ ∞
0
dy e5As+Bs−Φ = M6sα
− 1
2 e−Φ0/4
∫ ∞
0
du u1/9e−u
2/2 . (3.11)
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Both of them are finite, which indeed suggest that gravity and gauge fields of the D9¯ branes
are confined to the nine-dimensional subspace. The relations (3.10) and (3.11) are in sharp
contrast with the usual flat space relations obtained by compactifying the ten-dimensional
theory down to nine-dimensions on a circle of radius Rc
M7P ∼ e−2Φ0RcM8s ,
1
g2YM
∼ e−Φ0RcM6s . (3.12)
By using exactly the same method we find a cosmological solution for the USp(32) non-
supersymmetric Type I model by searching a homogeneous metric of the form
ds2 = −e2B(t)dt2 + e2A(t)δµνdxµdxν , Φ = Φ(t) , (3.13)
where t is a time coordinate. The solution is easily found by following the steps which led
to (3.7) and (3.9). The result in the string frame is
gs = e
Φ = eΦ0 |√αt|2/3e−3αt2/4 ,
ds2 = −|√αt|−2/3e−Φ0e3αt2/4dt2 + |√αt|4/9eΦ0/2e−αt2/4δµνdxµdxν . (3.14)
The metric has a spacelike curvature singularities at t = 0 and t = +∞. The laps separating
these two singularities, to be interpreted as the real time parameter,
τ =
∫
dt |√αt|−1/3e−Φ0/2e3αt2/8 , (3.15)
is infinite.
4 Classical background of the SO(16)× SO(16) heterotic string
In ten dimensions there is a unique tachyon-free non-supersymmetric heterotic string
model [7, 8]. It can be obtained from the two supersymmetric heterotic strings as a Z2 orb-
ifold. The resulting bosonic spectrum comprises the gravity multiplet: graviton, dilaton,
antisymmetric tensor and gauge bosons of the gauge group SO(16)× SO(16). Compact-
ifications of this theory were considered in [10], and its strong coupling behavior in nine
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dimensions was examined in [11]. It has been shown [8] that the cosmological constant (the
partition function on the torus) at one loop is finite and positive, furthemore its approxi-
mate value is given by
Λ ≈M10s
26
(2π)10
× 5.67 . (4.1)
The effective low energy action for the gravity multiplet is the same as before except for
the cosmological constant term, which now reads
− Λ
∫ √−G (4.2)
in the string metric. The absence of the dilaton in this term reflects the one-loop nature
of the cosmological constant2. The same ansatz of the Einstein metric as in the previous
paragraph leads, in the Einstein frame, to the equations
36(A′)2 + 8A′′ − 8A′B′ + 1
4
(Φ′)2 = −βE e2B+5Φ/2 ,
36(A′)2 − 1
4
(Φ′)2 = −βE e2B+5Φ/2,
Φ′′ + (9A′ − B′)Φ′ = 5βE e2B+5Φ/2 , (4.3)
where we defined βE = ΛEk
2. The gauge which eliminates the exponential factors is
now B = −5Φ/4. After solving the second equation in (4.3) A′ = √βEsh(h)/6, Φ′ =
2
√
βEch(h), the remaining equations give
eh =
1
2
e
√
βEy + ǫe−
√
βEy
e
√
βEy − ǫe−
√
βEy
, (4.4)
where ǫ = ±1. An important difference with respect to the type I solution is that here
we have two non-equivalent (that is, not related by coordinate transformations) solutions
corresponding to ǫ = 1 or −1. Let us first consider the ǫ = 1 case. The solution in the
Einstein frame reads
Φ = Φ0 +
1
2
ln |sh
√
βEy|+ 2 ln (ch
√
βEy) ,
2A direct computation shows also that the one-loop dilaton tadpole is non-zero and proportional to the
cosmological constant Λ.
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ds2E = |sh(
√
βEy)| 112
(
ch(
√
βEy)
)−1
3
dx2+e−5Φ0/2|sh(
√
βEy)|−54
(
ch(
√
βEy)
)−5
dy2 (4.5)
and in the string frame
e2Φ = e2Φ0 |sh(
√
βy)|
(
ch(
√
βy)
)4
,
ds2 = eΦ0/2|sh(
√
βy)| 13
(
ch(
√
βy)
)2
3
dx2+e−2Φ0 |sh(
√
βy)|−1
(
ch(
√
βy)
)−4
dy2 ,(4.6)
where here β = ΛM−8s . In both metrics, the solution has two timelike singularities at y = 0
and y =∞. These singularities are separated by a finite distance which in the string frame
reads
2πRc = (β)
−1/2e−Φ0
∫ +∞
0
du (sh u)−1/2(ch u)−2 . (4.7)
The spacetime has therefore the topology of a nine dimensional Minkowski space times an
interval. Notice that the nine dimensional Planck mass
M7p = M
8
s (β)
−1/2e−5Φ0/4
∫ ∞
0
du (sh u)−1/3 (ch u)−11/3 , (4.8)
as well as the 9D Yang-Mills coupling
1
g2YM
= M6s e
−7Φ0/4(β)−1/2
∫ ∞
0
du (sh u)−2/3 (ch u)−13/3 , (4.9)
are finite. This fact together with the finitude of the length of the tenth coordinate indicate
that the low energy processes are described by a 9D theory. The coupling constant vanishes
at 0 and becomes infinite at large y. We shall comment more on this fact in the conclusion.
The second solution corresponding to ǫ = −1 can be obtained by exchanging (ch(√βy)
with |sh(√βy| in the solutions (4.5) and (4.6). This solution has two singularities at 0 and
∞, however the nine-dimensional Planck and Yang-Mills constants as well as the length of
the tenth coordinate are infinite.
The cosmological solution invariant with respect to the nine dimensional Euclidian
group can be also readily found and it reads in the string frame
ds2 = −e−2Φ0(sin
√
βt)−1(cos
√
βt)−4dt2 + eΦ0/2(sin
√
βt)1/3(cos
√
βt)2/3dx2 ,
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e2Φ = e2Φ0(sin
√
βt)(cos
√
βt)4 . (4.10)
The variable t in these equations belongs to the interval [0, π/(2
√
β)]. At the boundaries
in t = 0 and t = π/(2
√
β) the metric develops curvature singularities. The time separating
these two singularities is infinite:
τ =
∫ pi/(2√β)
0
dt (sin
√
βt)−1/2(cos
√
βt)−2 =∞. (4.11)
Notice that the solution obtained by exchanging the sine and cosine in the above equations
is not a new one since it can be obtained by shiting the time coordinate t→ π/(2√β)− t.
5 Discussion
Before discussing the solutions we have found we should mention that there exists an
another interesting non supersymmetric and tachyon-free model in ten dimensions [12]: it
is an orientifold of the type 0B string with a projection that removes the tachyon and
introduces an open sector with the gauge group U(32). This model has both a one loop
(positive) cosmological constant and a disk dilaton tadpole so we have a sum of two terms
in the low energy effective action
− Λ1
∫ √−Ge−Φ − Λ2
∫ √−G, (5.1)
in the string metric. The first term is of the type we encountered in the USp(32) case and
the second is analogous to the one we met in the SO(16)×SO(16) case. There is no simple
gauge choice for B that renders the equations as simple as before. However qualitatively
the solution should behave as the USp(32) case for small y where the coupling constant
is small and the behavior for large y should resemble that of the SO(16)× SO(16) case.
In partcular we expect the radius of the tenth dimension to be compactified (since the
divergence of the radius in the second solution of SO(16)× SO(16) is due to the behavior
at the origin).
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We have determined the maximally symmetric solutions to the low energy equations
of two tachyon-free non-supersymmetric strings. To what extent can we consider these
solutions as representing the vacuum of these string theories ? Perturbatively, there are two
kind of string corrections to the low energy effective action. The first ones are α′ corrections
involving the string oscillators and the second ones are gs string loop corrections. A common
feature of the solutions we found is that the conformal factor e2A (in nine dimensions) as
well as the string coupling vanish at the origin and diverge at y =∞. The effective string
scale at coordinate y being given by M2s (y) = M
2
s e
2As , we expect α′ corrections to be
important at the origin and the loop corrections to be dominant at infinity. So strictly
speaking we cannot trust the classical solution near the two singularities where interesting
string physics would occur. Another less ambitious question, is the classical stability of
our solutions. That is, do small perturbations around the background we found destroy
the solution ? The answer to this question is closely related to the determination of the
Kaluza-Klein excitations [13].
Another common feature of the static solution of the Type I model (3.9) and of the
first heterotic solution (4.6) is that the effective Yang-Mills and Planck constants are finite
which means that the gravitational and gauge physics is effectively nine-dimensional. A re-
markable feature of the static solutions in the low energy approximation is the spontaneous
compactification of one coordinate. Whether this feature will survive the string and loop
corrections is an interesting and open question. The fact that the nine dimensional metric
is flat in spite of the ten-dimensional cosmological constant is in the spirit of the higher
dimensional mechanisms which try to explain the vanishing of the (effective) cosmological
constant [14]. As in the new approaches to this problem discussed in [14], however, a bet-
ter understanding of the naked singularities present in our solutions is needed in order to
substantiate this claim.
A notable difference between the type I and heterotic solutions is that the type I back-
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ground is unique, whereas there are two classical heterotic backgrounds with physically
very different properties. It is possible that this is due to the low energy approximation
and that this degeneracy will be lifted by string corrections.
All of the nontrivial features of the solutions are due to the presence of dilaton tadpoles.
The latter are generic for non-supersymmetric string models. According to the Fischler-
Susskind mechanism, the quantization around the classical solution should lead to finite
string amplitudes [1, 9]. It would be intersting to confirm this explicitly for the present
models.
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